REMARKS 

I. Status of the Application 

In view of the above amendments and the following remarks, reconsideration of the 
rejections set forth in the Office Action of March 25, 2010 is respectfully requested. 

By this amendment, claims 3 and 6-14 have been amended and claims 15-20 have been 
added. Claims 1-20 are now pending in the application. No new matter has been added by these 
amendments. 

The specification has been reviewed and revised, and the amendments to the specification 
have been incorporated into the substitute specification attached herewith. For the Examiner's 
benefit, a marked-up copy of the specification indicating the changes made thereto is also 
enclosed. No new matter has been added by these revisions. Entry of the substitute specification 
is respectfully requested. 

II. Prior Art Rejections 

Currently, claims 1-14 stand rejected under 35 U.S.C. § 103(a) as being unpatentable 
over Sasaki et al. (US 6,609,387). 

Claims 1 and 4 are patentable over Sasaki et al. for the following reasons. Claim 1 
recites a control device for an auger type ice making machine, the control device comprising: a 
driver circuit that drives a geared motor for rotating an auger; a voltage detector that detects an 
input voltage applied to the geared motor; a current detector that detects a motor current flowing 
in the geared motor; and a control circuit in which a plurality of current threshold values that 
differ according to the innut voltage are set in advance , the control circuit controlling the driver 
circuit so as to ston the geared motor when a value of the motor current detected bv the current 
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detector exceeds a current threshold value that corresponds to a value of the input voltage 
detected by the voltage detector . Claim 4 recites a very similar control device, but including a 
rotating speed detector instead of a current detector. 

On pages 2 and 3 of the Office Action, the Examiner acknowledges that the Sasaki et al. 
reference does not disclose the above -underlined requirements of claim 1 . However, it is 
asserted that "it would have been obvious to one of ordinary skill in the art at the time the 
invention was made, given the teachings of Sasaki et al., to stop the motor at different current 
thresholds according to different voltage levels for the purpose of compensating for this known 
relationship between voltage and current in order to protect the drive motor." 

"Rejection of a patent on obviousness grounds cannot be sustained by mere conclusory 
statements; instead, there must be some articulated reasoning with some rational underpinning to 
support a legal conclusion of obviousness." KSR International Co. v. Tele/lex Inc., 550 US 398 
(2007). "It is never appropriate to rely solely on 'common knowledge' in the art without 
evidentiary support in the record, as the principal evidence upon which a rejection was based." 
MPEP 2143.03. 

In rejecting claim 1, the Office Action does not rely on the familiar teaching-suggestion- 
motivation test, does not rely on any rationale supported by the KSR precedent as outlined in 
MPEP 2141, does not rely on any legal precedent as outlined in MPEP 2144.04, does not make 
any assertion or provide any evidence as to what is common knowledge in the art, and does not 
provide any prior art document or other evidence to support the legal conclusion of obviousness. 
In rejecting claim 1, the Office Action merely states that the configuration of that claim is 
obvious because the prior art recognizes the problem of current being influenced by voltage; 
there is no rationale underpinning as to why a person skilled in the art would solve the problem 
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in the manner disclosed in the present application . As such, the obviousness rationale of the 
rejection of claim 1 is merely conclusory and, as a matter of law, cannot support an obviousness 
rejection. 

Moreover, the Sakai et al. reference teaches away from detecting current as a means 
determining abnormalities in auger rotation. More specifically, the Sakai et al. reference 
highlights the problems associated with the current detection method, as pointed out by the 
Examiner. (See column 2, lines 40-54; see also pages 2 and 3 of the Office Action). After 
specifically discouraging the current detection method, the Sakai et al. then goes on to disclose 
and advocate the use of a configuration by which abnormalities in auger rotation can be detected 
without detecting current . (See column 3, lines 7-13). Accordingly, one skilled in the art would 
be led away from the present invention by the disclosure of Sakai et al., and thus the 
configuration of claim 1 would not be obvious in view of the disclosure of Sakai et al. 

As mentioned above, claim 4 recites a rotating speed detector and a control circuit in 
which a plurality of rotating speed threshold values that differ according to the input voltage are 
set in advance. On page 3 of the Office Action, it is asserted that "it would have been obvious to 
stop the drive motor at different rotation states according to different voltage levels. 
However, detecting a rotation state as disclosed in Sakai et al. does not amount to detecting a 
rotating speed . Accordingly, Sakai et al. does not disclose a rotating speed detector, much less 
the use of a plurality of rotating speed threshold values. Moreover, the Office Action contains no 
rationale underpinning as to why a person skilled in the art would provide such a configuration. 
Accordingly, no prima facie case of obviousness has been established with respect to claim 4. 

Claims 7 and 1 1 are patentable over Sasaki et al for the following reasons. Claim 7 
recites a control device for an auger type ice making machine, comprising: a voltage detector that 
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detects an input voltage applied to a geared motor for rotating an auger; a current detector that 
detects a motor current flowing in the geared motor; and a control circuit which determines a 
threshold value for the motor current according to a value of the input voltage detected by the 
voltage detector , wherein the control circuit controls operation of a refrigeration circuit of the ice 
making machine such that a refrigeration capacity of the refrigeration circuit decreases when a 
value of the motor current detected bv the current detector exceeds the threshold value . Claim 
1 1 recites a control device very similar to that of claim 7, but including a rotation speed detector 
instead of a current detector. 

On pages 3 and 4 of the Office Action, the Examiner acknowledges that the Sakai et al 
reference does not disclose the above -underlined requirements of claim 1. However, the 
Examiner takes official notice that such a configuration would have been obvious. 

"Official notice unsupported by documentary evidence should only be taken by the 
examiner where the facts asserted to be well-known, or to be common knowledge in the art are 
capable of instant and unquestionable demonstration as being well-known." MPEP 2144.03; see 
also In reAhlert, 424 F.2d 1088, 1091 (CCPA 1970). "If applicant adequately traverses the 
examiner's assertion of official notice, the examiner must provide documentary evidence in the 
next Office action if the rejection is to be maintained." MPEP 2144.03. 

No prima facie case of obviousness has been established with respect to claims 7 and 1 1 
because it is improper to take official notice as to a legal conclusion. As explained by the MPEP 
and other binding case law, official notice is only appropriate as to facts . Obviousness is not a 
fact at all, but is instead a legal conclusion. Because official notice cannot be taken as to a legal 
conclusion such as obviousness, the prior art rejection of claims 7 and 1 1 is improper. 
Moreover, official notice can only be taken as to facts which are capable of instant and 
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unquestionable demonstration as being well-known. In the present application, the legal 
conclusion of which the Examiner purports to take official notice cannot be instantly and 
unquestionably demonstrated, and thus the prior art rejection of claims 7 and 1 1 is improper. 

Further still, the Applicants have traversed the assertion of official notice as set forth 
above, and thus the MPEP requires that the Examiner provide documentary evidence supporting 
the taking of official notice if the rejection is to be maintained. 

Moreover, similarly to claim 1, the prior art rejection of claims 7 and 1 1 set forth in the 
Office Action does not rely on the familiar teaching-suggestion-motivation test, does not rely on 
any rationale supported by the KSR precedent as outlined in MPEP 2141, does not rely on any 
legal precedent as outlined in MPEP 2144.04, does not make any assertion or provide any 
evidence as to what is common knowledge in the art, and does not provide any prior art 
document or other evidence to support the legal conclusion of obviousness. In rejecting claims 7 
and 1 1 , the Office Action merely states that the configuration of those claims is obvious; there is 
no rationale underpinning as to why a person skilled in the art would have modified the prior art 
to yield the invention claimed in the present application. As such, the obviousness rationale of 
the rejections of claims 7 and 1 1 are merely conclusory and, as a matter of law, cannot support 
an obviousness rejection. 

Further with respect to claim 7, the Sakai et al. reference teaches away from detecting 
current, as discussed above with respect to claim 1 . Accordingly, the configuration of claim 7 
would not have been obvious in view of the disclosure of Sakai et al. 

Further with respect to claim 1 1 , the Sakai et al. reference does not disclose, suggest, or 
render obvious a rotating speed detector or a control circuit which determines a threshold value 
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for the rotating speed, as discussed above with respect to claim 4. As such, no prima facie case 
of obviousness has been established with respect to claim 1 1 . 

Further, it appears as though there would have been no reason to modify any of the prior 
art of record to yield a configuration which would meet the requirements of claims 1 , 4, 7, or 1 1 . 
It is thus submitted that the invention of the present application, as defined in claims 1, 4, 7, and 
1 1, is not anticipated nor rendered obvious by the prior art, and yields significant advantages 
over the prior art. Allowance is respectfully requested. 

Claims 2 and 3 depend from claim 1 and are thus allowable for at least the reasons set 
forth above in support of claim 1 . Claims 5 and 6 depend from claim 4 and are thus allowable 
for at least the reasons set forth above in support of claim 4. Claims 8-10 depend from claim 7 
and are thus allowable for at least the reasons set forth above in support of claim 7. Claims 12- 
14 depend from claim 1 1 and are thus allowable for at least the reasons set forth above in support 
of claim 1 1 . 

In view of the foregoing amendments and remarks, inasmuch as all of the outstanding 
issues have been addressed, it is respectfully submitted that the present application is now in 
condition for allowance, and action to such effect is earnestly solicited. Should any issues 
remain after consideration of the response, however, the Examiner is invited to telephone the 
undersigned at the Examiner's convenience. 



Respectfully submitted, 



Akihiro KODAMA et al. 




Digitally signed by /Andrew D. St.Clair/ 



By 



Andrew D. St.Clair 



Registration No. 58,739 
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DESCRIPTION 

CONTROL DEVICE FOR AN AUGER TYPE ICE MAKING MACHINE 

5 [Technical Field] 

This invention relates to a control device for an auger type ice making machine. 
[Background Art] 

An auger type ice making machine has a refrigeration casing that is a vertically 
elongated cylindrical member. A cooling pipe that configur e s constitutes an evaporator of a 

10 refrigeration circuit is wrapped around an outer circumferential surface of the refrigeration 
casing, and an auger having a helical blade is provided te-a nin an inner portion thereof. Ice 
making water is supplied to the inner portion of the refrigeration casing. Ice that grows on 
an inner circumferential surface of the refrigeration casing is scraped off by rotation of the 
helical blade, becoming flake ice, and is conveyed upward by helical action. A pressing 

15 head is disposed in an upper portion of the refrigeration casing in order to form the ice into a 
predetermined shape and predetermined hardness. 

However, the refrigeration casing may become overcooled when, for some reason or 
another, there is an ice blockage in an internal portion of the pressing head, when there is an 
insufficient supply of ice making water, when an abnormality occurs in the refrigeration 

20 circuit, or the like. Ice making water in the inner portion of the refrigeration casing 

completely freezes if the ice making machine is driven in this state. Not only is there an 
excessive load applied to the auger, a geared motor that drives the auger, the refrigeration 
casing, an upper bearing, and a seal that partitions the geared motor and the ice making water, 
there is also a fear- possiblity that damage may occur to the auger, the geared motor, the 

25 refrigeration casing, the upper bearing, the seal, and the like. 

There is conventionally a method in which an overload relay is used as a protecting 
device for protecting a geared motor against this problem by stopping the geared motor when 
the overload relay detects that a load applied to the geared motor has exceeded a 
predetermined value. As shown in FIG 14a, this is a method in which the overlay relay 

30 operates when the geared motor is locked and a lock current higher than a motor current 
during normal operation flows for a fixed period of time. 
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If so-called hunting occurs, however, where forward rotation and reverse rotation of 
the auger are repeated, beginning with the forward rotating auger being unable to scrape off 
the ice for some reason or another, the auger then rotating in reverse due to the impact, and in 
addition, the auger again rotating forward due to a collision with the ice, the motor current 
5 will fluctuate as shown in FIG 14b. The current value repeatedly moves back and forth 
between the lock current and a value in the vicinity of the electric current during normal 
operation. Consequently, the overload relay does not operate, and the geared motor cannot 
be protected. 

A protecting device is proposed in JP 4-24625 B in which current flowing in a geared 
10 motor is converted to voltage, and operation of the geared motor is stopped when the 

converted voltage becomes larger than a predetermined value. According to this protecting 
device, operation of the geared motor is stopped when the current flowing in the geared motor 
increases and the converted voltage becomes larger than the predetermined value, even for an 
instant, during ice making operations. It therefore becomes possible to stop the geared motor 
1 5 even during hunting. 

However, the motor current flowing in the geared motor also fluctuates due to the 
value of an input voltage that is applied to the geared motor. Accordingly, there is a fear that 
an overload state may be judged to have occurred whenever the motor current fluctuates, even 
during normal ice making operation, causing operation of the geared motor to be stopped. 

20 

[Disclosure of the Invention] 

This invention has been made to eliminate problems like those described above. 
Accordingly, an object of this invention is to provide a control device for an auger type ice 
making machine capable of controlling the_rotation of a geared motor by correctly judging an 

25 overload state, even if the value of an input voltage fluctuates. 

According to a first aspect of the present invention, there is provided a control device 
for an auger type ice making machine, including: a driver circuit that drives a geared motor 
for rotating an auger; a voltage detector that detects an input voltage applied to the geared 
motor; a current detector that detects a motor current flowing in the geared motor; and a 

30 control circuit in which a plurality of current threshold values that differ according to the input 
voltage are set in advance, the control circuit controlling the driver circuit so as to stop the 
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geared motor when a value of the motor current detected by the current detector exceeds a 
current threshold value that corresponds to the value of the input voltage detected by the 
voltage detector. 

According to a second aspect of the present invention, there is provided a control 
5 circuit of an auger type ice making machine, including: a driver circuit that drives a geared 
motor for rotating an auger; a voltage detector that detects an input voltage applied to the 
geared motor; a rotating speed detector that detects a rotating speed of the geared motor; and a 
control circuit in which a plurality of rotating speed threshold values that differ according to 
the input voltage are set in advance, the control circuit controlling the driver circuit so as to 

10 stop the geared motor when a value of the rotating speed detected by the rotating speed 
detector exceeds a rotating speed threshold value that corresponds to the value of the input 
voltage detected by the voltage detector. 

Further, according to a third aspect of the present invention, there is provided a 
control device for an auger type ice making machine, including: a voltage detector that detects 

15 an input voltage applied to a geared motor for rotating an auger; a current detector that detects 
a motor current flowing in the geared motor; and a control circuit which determines a 
threshold value for the motor current according to a value of the input voltage detected by the 
voltage detector, and which, when a value of the motor current detected by the current 
detector exceeds the threshold value, controls operation of a refrigeration circuit of the ice 

20 making machine such that a refrigeration capacity of the refrigeration circuit decreases. 

Further, according to a fourth aspect of the present inv ention, there is provided a 
control device for an auger type ice making machine, including: a voltage detector that detects 
an input voltage applied to a geared motor for rotating an auger; a rotating speed detector that 
detects a rotating speed of the geared motor; and a control circuit which determines a 

25 threshold value for the rotating speed of the geared motor according to a value of the input 
voltage detected by the voltage detector, and which, when a value of the rotating speed 
detected by the rotating speed detector is less than the threshold value, controls operation of a 
refrigeration circuit of the ice making machine such that a refrigeration capacity of the 
refrigeration circuit decreases. 

30 

[Brief Description of the Drawings] 
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FIG 1 is a block diagram that shows a configuration of an auger type ice making 
machine provided with a control device according to Embodiment 1 of this invention, 

FIG 2 is a partially cutaway side view that shows a configuration of an ice making 
portion of the auger type ice making machine, 
5 FIGS. 3 and 3b are timing charts that show motor current in Embodiment 1 during 

low voltage input and during high voltage input, respectively, 

FIG 4 is a block diagram that shows a configuration of an auger type ice making 
machine provided with a control device according to Embodiment 2, 

FIG 5 is a flowchart that shows operation of Embodiment 2, 
1 0 FIGS. 6 to 8 are block diagrams that show a configuration of an auger type ice 

making machine provided with a control device according to Embodiments 3 to 5, 
respectively, 

FIG 9 is a perspective view that shows a configuration of a rotational speed detector 
used in Embodiment 5, 
15 FIG 10 is a flowchart that shows operation of Embodiment 5, 

FIGS. 11 to 13 are block diagrams that show a configuration of an auger type ice 
making machine provided with a control device according to Embodiments 6 to 8, 
respectively, and 

FIGS. 14a and 14b are timing charts that show motor current of a geared motor 
20 during low voltage input and during high voltage input, respectively. 

IB c st Mod e for earning out th e Inv o ntioni DETAILED DESCRIPTION OF THE 
INVENTION 

Embodiments of this invention are explained below based on the appended drawings. 

25 

Embodiment 1 

FIG 1 shows a configuration of an auger type ice making machine provided with a 
control device according to Embodiment 1 of this invention. The auger type ice making 
machine has a refrigeration casing 1 . An evaporation pipe 2 is wrapped around an outer 
30 circumferential surface of the refrigeration casing 1, and an auger 3 used for removing ice and 
having a helical blade is supported in an inner portion of the refrigeration casing 1 . The 
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auger 3 is rotated by a DC brushless geared motor 4, for example. 

A driver circuit 5 is connected to the geared motor 4, and in addition, a control circuit 
6 is connected to the driver circuit 5. Further, a voltage detector 7 and a current detector 8 
are connected to the geared motor 4. The control circuit 6 is connected to the voltage 
5 detector 7 and the current detector 8. 

The evaporation pipe 2 of the refrigeration casing 1 configur e s a r e frig e ration circuit 
as an cvaporator constitutes an evaporator and, together with a compressor 9, a condenser 10, a 
drier 1 1 , and an expansion valv e 12. valve 12. forms a refrigeration circuit. It should be 
noted that a fan motor 13 is disposed in the vicinity of the condenser 10 in order to air cool the 
10 e vaporator condenser 10. 

As shown in FIG. 2, the auger 3 is supported in the inner portion of the refrigeration 
casing 1 by an upper bearing 14 and a lower bearing 15 so as to be free to rotate. The upper 
bearing 14 is fixed to an upper end portion of the refrigeration casing 1 by a fixing bolt 16. 
The geared motor 4 that is connected to a lower end of the refrigeration causing 1 rotates the 
15 auger 3. Ice that grows on an inner circumferential surface of the refrigeration casing 1 is 
scrapped off, and is transferred to a plurality of stationary blades 17 formed in an outer 
circumferential portion of the upper bearing 14. 

Operation of the control device for the auger type ice making machine according to 
Embodiment 1 is explained next. First, when electric power to the auger type ice making 
20 machine is turned on, water is supplied to a float tank (not shown), after which the 

refrigeration circuit is driven, the geared motor 4 is driven by the driving circuit 5, and ice 
making operations begin. 

Ice making water from the float tank is thus supplied within the refrigeration casing 1 . 
The evaporation pipe 2 cools the ice making water, and ice grows on the inner circumferential 
25 surface of the refrigeration casing 1 . The ice is scrapped off by rotation of the auger 3, 

becoming flake ice, and is conveyed upward by helical action. The flake ice is formed into a 
predetermined shape and hardness by the stationary blades 1 7. 

An input voltage applied from the driver circuit 5 to the geared motor 4 
accompanying the above ice making operations is detected by the voltage detector 7, while a 
30 motor current that flows in the geared motor 4 is detected by the current detector 8. The 
detected voltage and the detected current are sent to the control circuit 6. A plurality of 
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current threshold values Ith that differ according to the input voltage to the geared motor 4 are 
set in advance in the control circuit 6. For example, there is the current threshold value Ith 
that is set to a value of 2.5 A corresponding to a low voltage input like that shown in FIG 3a, 
and there is the current threshold value Ith that is set to a value of 4 A corresponding to a high 
5 voltage input like that shown in FIG 3b. It should be noted that the values of the current 
threshold value Ith may be adjusted an appropriate. 

The normal motor current for a case where a low voltage is input from the driver 
circuit 5 to the geared motor 4 is on the order of 1 .3 A as shown in FIG. 3a The input 
voltage detected by the voltage detector 7 shows a low voltage at this point. Accordingly, 

10 the control circuit 6 selects the current threshold value Ith that is set to the value of 2.5 A, and 
compares the motor current detected by the current detector 8 with the current threshold value 
Ith = 2.5 A. The control circuit 6 controls the driver circuit 5 to stop the geared motor 4 
when the motor current exceeds the current threshold value Ith. 

So-called hunting may occur here, where forward rotation and reverse rotation of the 

15 auger are repeated, beginning with the forward rotating auger being unable to scrape off the 
ice for some reason or another, the auger then rotating in reverse due to the impact, and in 
addition, the auger again rotating forward due to a collision with the ice. The peak current 
during hunting becomes approximately 3.5 A for cases in which a low voltage is input. The 
motor current therefore exceeds the current threshold value Ith at the point where hunting 

20 begins to occur. Consequently, the control circuit 6 controls the driver circuit 5 to stop 
rotation of the geared motor 4. 

On the other hand, as FIG 3b shows, the normal motor current is on the order of 2.5 
A for cases where a high voltage is input from the driver circuit 5 to the geared motor 4. 
Since the input voltage detected by the voltage detector 7 shows high voltage, the control 

25 circuit 6 selects the current threshold value Ith set to a value of 4 A. That is, the motor 

current detected by the current detector 8 is compared to the current threshold value Ith = 4 A. 
The driver circuit 5 is controlled to stop the geared motor 4 when the motor current exceeds 
the current threshold value Ith. 

The peak current during hunting becomes approximately 6 A when a high voltage is 

30 input. The motor current therefore exceeds the current threshold value Ith at the point where 
hunting begins to occur for some reason or another. Consequently, the control circuit 6 
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controls the driver circuit 5 to stop rotation of the geared motor 4. 

One of the two types of the current threshold values Ith set in advance is thus 
selected according to the input voltage to the geared motor 4, and a comparison with the 
motor current is performed. Accordingly, overload states such as hunting and locking can be 
5 accurately judged and operation of the geared motor can be stopped, even if the motor current 
fluctuates according to input voltage values. 

It should be noted that the current threshold value Ith is not limited to two types of 
values corresponding to low voltage and high voltage. It is also possible to set three or more 
types of values for the current threshold value Ith, thus performing determination of the 
10 overload state in a multi-staged manner according to input voltage. Further, the current 

threshold value Ith can also be set in the form of a relational expression with respect to input 
voltage. 

Furthermore, a current peak on the same order as that during hunting occurs during 
start-up of the geared motor 4. Accordingly, it is preferable that the control circuit 6 be 
15 configured so as to ignore the motor current value detected by the current detector 8 during 
start-up of the geared motor 4, and to cancel the first current peak occurring after the start-up. 

Alternatively it is preferable that the current threshold value Ith be set in advance in 
the control circuit 6 to a high value corresponding to start-up of the geared motor 4, and that 
the control circuit 6 be not actuated by the first current peak occurring after the start-up. 
20 Erroneous operation during start-up can thus be prevented. 

Embodiment 2 

FIG 4 shows a configuration of an auger type ice making machine provided with a 
control device according to Embodiment 2. This auger type ice making machine is one in 
25 which the auger type ice making machine of Embodiment 1 shown in FIG 1 has an inverter 
circuit 18 connected to the fan motor 13 of the condenser 10 and serving as a regulating 
circuit for driving the fan motor 13 at variable speed. The inverter circuit 18 is connected to 
the control circuit 6. 

Operation of Embodiment 2 is explained with reference to a flowchart of FIG 5. 
30 First, when electric power to the auger type ice making machine is turned on, water is 

supplied to a float tank (not shown), after which the refrigeration circuit is driven, the geared 
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motor 4 is driven by the driving circuit 5, and ice making operations begin. When rotation 
of the geared motor 4 is verified by the control circuit 6 in step SI, in step S2, the control 
circuit 6 reads in a voltage value E of the input voltage of the geared motor 4 and a current 
value I of the motor current detected by the voltage detector 7 and the current detector 8, 
5 respectively, and then determines the motor current threshold value Ith based on the voltage 
value E in the subsequent step S3. 

In addition, in step S4 the control circuit 6 compares the motor current I detected by 
the current detector 8 to the threshold value Ith determined in step S3. The control circuit 6 
judges that the refrigeration casing 1 is overcooled when the motor current I exceeds the 

10 threshold value Ith, and controls the inverter circuit 18 so as to decrease the rotating speed of 
the fan motor 13 in step S5. Not only does the condensation capacity of the condenser 10 
thus decrease, the refrigeration capacity of the refrigeration circuit also decreases, thus 
suppressing overcooling. At this point the geared motor 4 continues to rotate, and ice 
making operations continue. On the other hand, when it is judged in step S4 that the motor 

15 current I is equal to or less than the threshold value Ith, operation proceeds to step S6, and the 
inverter circuit 18 is controlled so that the fan motor 13 maintains the rotating speed of normal 
rotation. 

Thereafter, when the geared motor is confirmed to be rotating in step S7, processing 
returns to step S2 and the voltage value E and the current value I are read in again. The 
20 processing of steps S2 to S7 is then repeated. 

Overcooling is therefore gradually eliminated while repeating the processes of steps 
S2 to S7 for cases where the motor current I is judged to exceed the threshold value Ith in step 
S4, and the rotating speed of the fan motor 13 is decreased in step S5. The fan motor 13 is 
returned to the rotating speed of normal operation in step S6 at the point where the motor 
25 current I becomes equal to or less than the threshold value Ith. 

Embodiment 3 

FIG 6 shows a configuration of an auger type ice making machine provided with a 
control device according to Embodiment 3. This auger type ice making machine is one in 
30 which the auger type ice making machine of Embodiment 2 shown in FIG 4 has an inverter 
circuit 19 connected to the control circuit 6 and serving as a regulating circuit for driving the 



compressor 9 at variable speed as a substitute for the inverter circuit 18 that drives the fan 
motor 13. The control circuit 6 decreases the rotating speed of the compressor 9 for cases 
where it is judged that the refrigeration casing 1 has become overcooled, thus decreasing the 
refrigeration capacity so as to eliminate the overcooling. 
5 In other words, when the motor current I detected by the current detector 8 in step S4 

is judged to exceed the threshold value Ith determined in step S3 in the flowchart of FIG. 5, 
the control circuit 6 controls the inverter circuit 19 in step S5 so as to decrease the rotating 
speed of the compressor 9. Not only does the amount of refrigerant circulating thus decrease, 
the refrigeration capacity of the refrigeration circuit also decreases, thus suppressing 
10 overcooling. The geared motor 4 continues to rotate at this point, and ice making operations 
continue. 

Similar to Embodiment 2. when overcooling is eliminated and the motor current I 
becomes equal to or less than the threshold value Ith. the compressor 9 is returned to the 
rotating speed of normal operation in step S6. 

15 

Embodiment 4 

FIG 7 shows a configuration of an auger type ice making machine provided with a 
control device according to Embodiment 4. This auger type ice making machine is one in 
which the auger type ice making machine of Embodiment 2 shown in FIG 4 has a bypass pipe 

20 20 that communicates with an outlet side of the compressor 9 of the refrigeration circuit and 
an outlet side of the evaporation pipe 2, and an electromagnetic valve 21 that opens and closes 
the pipeline provided along the bypass pipe 20. The control circuit 6 opens the 
electromagnetic valve 21 for cases where it is judged that the refrigeration casing 1 has 
become overcooled, bypassing around the compressor 9, and thus decreasing the refrigeration 

25 capacity so as to eliminate the overcooling. 

In other words, when the motor current I detected by the current detector 8 in step S4 
is judged to exceed the threshold value Ith determined in step S3 in the flowchart of FIG. 5, 
the control circuit 6 opens the electromagnetic valve 21 in step S5. Not only is the 
compressor 9 thus bypassed, the refrigeration capacity of the refrigeration circuit also 

30 decreases, thus suppressing overcooling. The geared motor 4 continues to rotate at this point, 
and ice making operations continue. 
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Similar to Embodiment 2, when overcooling is eliminated and the motor current I 
becomes equal to or less than the threshold value Ith, the electromagnetic valve 21 is closed in 
step S6, and operation returns to normal. 

It should be noted that a bypass pipe that communicates with the outlet side of the 
5 compressor 9 and an inlet side of the evaporation pipe 2 may be provided as a substitute for 
the bypass pipe that communicates with the outlet side of the compressor 9 and the outlet side 
of the evaporation pipe 2, and the electromagnetic valve 2 1 may be attached to this bypass 
pipe. 

10 Embodiment5 

FIG 8 shows a configuration of an auger type ice making machine provided with a 
control device according to Embodiment 5. This auger type ice making machine is one in 
which the auger type ice making machine of Embodiment 2 shown in FIG 4 has a rotating 
speed detector 23 that detects the rotating speed of the geared motor 4 as a substitute for the 

15 current detector 8. The rotating speed detector 23 is connected to the control circuit 6. 

As shown in FIG 9, a detector in which a rotary plate 24 is fixed to a rotor shaft 22 
of the geared motor 4, and a plurality of through holes 27 or slits are formed along a 
circumferential edge portion of the rotary plate 24, for example, can be used as the rotating 
speed detector 23. A light emitting portion 25 and a light receiving portion 26 oppose each 

20 other so as to sandwich the circumferential edge portion of the rotary plate 24. When the 
rotary plate 24 rotates together with the rotor shaft 22, light emitted from the light emitting 
portion 25 arrives at the light receiving portion 26 only when passing through the through 
holes 27 of the rotary plate 24. Consequently, the revolution speed of the rotor shaft 22 can 
be detected by counting the number of times that the light is received by the light receiving 

25 portion 26. It should be noted that the configuration can be one in which a plurality of 
magnetic poles are disposed in the circumferential edge portion of the rotary plate 24 as a 
substitute for the through holes 27. A magnetic sensor detects the magnetic poles. 

Operation of Embodiment 5 is explained with reference to a flowchart of FIG 10. 
First, when electric power to the auger type ice making machine is turned on, water is 

30 supplied to the float tank (not shown), after which the refrigeration circuit is driven, the 

geared motor 4 is driven by the driving circuit 5, and ice making operations begin. When 

10 



rotation of the geared motor 4 is verified by the control circuit 6 in step Sll, in step S12, the 
control circuit 6 reads in a voltage value E of the input voltage of the geared motor 4 and a 
rotating speed N of the geared motor 4, detected by the voltage detector 7 and the rotating 
speed detector 23, respectively, and then determines a rotating speed threshold value Nth in 
the subsequent step S13, based on the voltage value E. 

In addition, in step S 14 the control circuit 6 compares the rotating speed N detected 
by the rotating speed detector 23 to the threshold value Nth determined in step S13. The 
control circuit 6 judges that the refrigeration casing 1 is overcooled when the rotating speed N 
is less than the threshold value Nth, and controls the inverter circuit 1 8 so as to decrease the 
rotating speed of the fan motor 13 in step S15. Not only does the condensation capacity of 
the condenser 10 thus decrease, the refrigeration capacity of the refrigeration circuit also 
decreases, thus suppressing overcooling. At this point the geared motor 4 continues to rotate, 
and ice making operations continue. On the other hand, when it is judged in step SI 4 that 
the rotating speed N is equal to or greater than the threshold value Nth, operation proceeds to 
step SI 6, and the inverter circuit 18 is controlled so that the fan motor 13 maintains the 
rotating speed of normal rotation. 

Thereafter, when the geared motor is confirmed to be rotating in step SI 7, processing 
returns to step S 12 and the voltage value E and the rotating speed N are read in again. The 
processing of steps S12 to S17 is then repeated. 

Overcooling is therefore gradually eliminated while repeating the processes of steps 
S12 to S17 for cases where the rotating speed N is judged to be less than the threshold value 
Nth in step S 14, and the rotating speed of the fan motor 13 is decreased in step S15. The fan 
motor 13 is returned to the rotating speed of normal operation in step SI 6 at the point where 
the rotating speed N becomes equal to or greater than the threshold value Nth. 

Embodiment 6 

FIG 11 shows a configuration of an auger type ice making machine provided with a 
control device according to Embodiment 6. This auger type ice making machine is one in 
which the auger type ice making machine of Embodiment 5 shown in FIG 8 has the inverter 
circuit 19 connected to the control circuit 6 for driving the compressor 9 at variable speed as a 
substitute for the inverter circuit 18 that drives the fan motor 13. The control circuit 6 
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decreases the rotating speed of the compressor 9 for cases where it is judged that the 
refrigeration casing 1 has become overcooled, thus decreasing the refrigeration capacity so as 
to eliminate the over cooling. 

In other words, when the rotating speed N detected by the rotating speed detector 23 
5 in step S14 is judged to be less than the threshold value Nth determined in step SI 3 in the 
flowchart of FIG 10, the control circuit 6 controls the inverter circuit 19 in step S 15 so as to 
decrease the rotating speed of the compressor 9. Not only does the amount of refrigerant 
circulating thus decrease, the refrigeration capacity of the refrigeration circuit also decreases, 
thus suppressing overcooling. The geared motor 4 continues to rotate at this point, and ice 
10 making operations continue. 

Similar to Embodiment 5, when overcooling is eliminated and the rotating speed N 
becomes equal to or greater than the threshold value Nth. the compressor 9 is returned to the 
rotating speed of normal operation in step S 16. 

15 Embodiment? 

FIG 12 shows a configuration of an auger type ice making machine provided with a 
control device according to Embodiment 7. This auger type ice making machine is one in 
which the auger type ice making machine of Embodiment 5 shown in FIG 8 has the bypass 
pipe 20 that communicates with the outlet side of the compressor 9 of the refrigeration circuit 

20 and the outlet side of the evaporation pipe 2, and the electromagnetic valve 21 that opens and 
closes the pipeline provided along the bypass pipe 20. The control circuit 6 opens the 
electromagnetic valve 21 for cases where it is judged that the refrigeration casing 1 has 
become overcooled, bypassing around the compressor 9, and thus decreasing the refrigeration 
capacity so as to eliminate the overcooling. 

25 In other words, when the rotating speed N detected by the rotating speed detector 23 

in step S14 is judged to be less than the threshold value Nth determined in step SI 3 in the 
flowchart of FIG 10, the control circuit 6 opens the electromagnetic valve 21 in step S15. 
Not only is the compressor 9 thus bypassed, the refrigeration capacity of the refrigeration 
circuit also decreases, thus suppressing overcooling. The geared motor 4 continues to rotate 

30 at this point, and ice making operations continue. 

Similar to Embodiment 5, when overcooling is eliminated and the rotating speed N 
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becomes equal to or greater than the threshold value Nth, the electromagnetic value 21 is 
closed in step SI 6, and operation returns to normal. 

It should be noted that a bypass pipe that communicates with the outlet side of the 
compressor 9 and the inlet side of the evaporation pipe 2 may be provided as a substitute for 
the bypass pipe that communicates with the outlet side of the compressor 9 and the outlet side 
of the evaporation pipe 2, and the electromagnetic valve 21 may be attached to this bypass 
pipe. 

Embodiment 8 

FIG 13 shows a configuration of an auger type ice making machine provided with a 
control device according to Embodiment 8. This auger type ice making machine is one in 
which the auger type ice making machine of Embodiment 1 shown in FIG 1 has the rotating 
speed detector 23 that detects the rotating speed of the geared motor 4 as a substitute for the 
current detector 8. The rotating speed detector 23 is connected to the control circuit 6. 

A device shown in FIG 9, for example, can be used as the rotating speed detector 23. 

Operation of Embodiment 8 is explained next. First, when electric power to the 
auger type ice making machine is turned on, water is supplied to the float tank (not shown), 
after which the refrigeration circuit is driven, the geared motor 4 is driven by the driving 
circuit 5, and ice making operations begin. 

The input voltage applied from the driver circuit 5 to the geared motor 4 is detected 
by the voltage detector 7 and the rotating speed N of the geared motor 4 is detected by the 
rotating speed detector 23 accompanying ice making operations. The detected values are 
sent to the control circuit 6. A plurality of the rotating speed threshold values Nth that differ 
according to the input voltage to the geared motor 4 are set in advance in the control circuit 6. 

The control circuit 6 selects the rotating speed threshold value Nth that corresponds 
to the value of the input voltage detected by the voltage detector 7, and compares the rotating 
speed N detected by the rotating speed detector 23 with the selected threshold value Nth. 
When the value of the rotating speed N is less than the threshold value Nth, the control circuit 
6 controls the driver circuit 5 to stop the geared motor 4. 

The rotating speed N of the geared motor 4 decreases when, for some reason or 
another, the refrigeration casing 1 becomes overcooled because there is an ice blockage in an 
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internal portion of the pressing head, there is an insufficient supply of ice making water, an 
abnormality occurs in the refrigeration circuit, or the like, and hunting begins to occur. 
Accordingly, the control circuit 6 controls the driver circuit 5 to stop operation of the geared 
motor 4 when the rotating speed N is less than the threshold value Nth. 
5 One of the plural types of the rotating speed threshold values Nth set in advance is 

thus selected according to the input voltage to the geared motor 4, and a comparison with 
rotating speed N is performed. Accordingly, overload states such as hunting and locking can 
be accurately judged and operation of the geared motor can be stopped, even if the rotating 
speed N fluctuates according to input voltage values. 

10 Furthermore, fluctuations in the rotating speed N on the same order as that during 

hunting occurs during start-up of the geared motor 4. Accordingly, it is preferable that the 
control circuit 6 be configured so as to ignore the rotating speed N value detected by the 
rotating speed detector 23 during start-up of the geared motor 4, and to cancel the first 
fluctuation in the rotating speed N occurring after the start-up. 

15 Alternatively, it is preferable that the rotating speed threshold value Nth be set in 

advance in the control circuit 6 to a low value corresponding to start-up of the geared motor 4, 
and that the control circuit 6 be not actuated by the first current peak occurring after the 
start-up. 

Erroneous operation during start-up can thus be prevented. 

20 It should be noted that a regulating circuit that drives the fan motor 13 at variable 

speed by varying the input current to the fan motor 13 can also be provided as a substitute to 
the inverter circuit 18 in Embodiments 2 and 5. Similarly, a regulating circuit that drives the 
compressor 9 at variable speed by varying the input current to the compressor 9 can also be 
provided as a substitute to the inverter circuit 19 in Embodiments 3 and 6. 

25 As explained above, with the auger type ice making machine control device 

according to the first aspect of this invention, an overloaded state can be accurately judged 
according to input voltage value, and a geared motor and the like can be protected, even if a 
motor current fluctuates according to input voltage value, because the plurality of current 
threshold values that differ according to input voltage are set in advance in the control circuit, 

30 and the geared motor is stopped when the value of the motor current detected by the current 
detector exceeds the current threshold value corresponding to the input voltage detected by 
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the voltage detector. 

Further, it is possible to prevent erroneous operation during start-up by making the 
control circuit ignore the value of the motor current detected by the current detector during 
start-up of the geared motor, or by making the control circuit have a high current threshold 
5 value corresponding to start-up of the geared motor. 

With the auger type ice making machine control device according to the second 
aspect of this invention, the overloaded state can be accurately judged, and the geared motor 
and the like can be protected, even if the rotating speed fluctuates according to an input 
voltage value, because the plurality of rotating speed threshold values that differ according to 

10 input voltage are set in advance in the control circuit, and the geared motor is stopped when 
the value of the rotating speed detected by the rotating speed detector is less than the rotating 
speed threshold value corresponding to the input voltage detected by the voltage detector. 

Further, it is possible to prevent erroneous operation during start-up by making the 
control circuit ignore the value of the rotating speed detected by the rotating speed detector 

15 during start-up of the geared motor, or by making the control circuit have a low rotating speed 
threshold value corresponding to start-up of the geared motor. 

With the auger type ice making machine control device according to the third aspect 
of this invention, the overload state can be accurately judged by a suitable current threshold 
value, and a geared motor or the like can be protected, even if an input voltage to the geared 

20 motor changes, because the control circuit determines a motor current threshold value 

corresponding to the value of an input voltage detected by the voltage detector, and controls 
operation of a refrigeration circuit so as to decrease refrigeration capacity when a motor 
current value detected by the current detector exceeds the threshold value. Further, the 
overload is eliminated by decreasing the refrigeration capacity during the overload state 

25 without stopping the refrigeration circuit or the geared motor. Continuous ice making thus 
becomes possible, and the ice making efficiency increases. 

Further, with the auger type ice making machine control device according to the 
fourth aspect of this invention, the overload state can be accurately judged by a suitable 
rotating speed threshold value, and the geared motor or the like can be protected, even if an 

30 input voltage to the geared motor changes, because the control circuit determines a rotating 
speed threshold value for the geared motor corresponding to the value of an input voltage 
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detected by the voltage detector, and controls operation of the refrigeration circuit so as to 
decrease refrigeration capacity w hen a rotating speed value detected by the rotating speed 
detector is less than the threshold value. Further, the overload is eliminated by decreasing 
the refrigeration capacity during the overload state without stopping the refrigeration circuit or 
5 the geared motor. Continuous ice making thus becomes possible, and the ice making 
efficiency increases. 

In general, a rotor shaft of the geared motor has a rotational velocity that is several 
hundreds of times greater than that of the auger. Consequently, the rotational resistance due 
to the auger can be detected with high precision provided that the value of the rotating speed 
1 0 detected by the rotating speed detector is used. Further, the rotating speed detector directly 
detects the rotating speed of the geared motor, and the reliability of load detection accordingly 
increases. 
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ABSTRACT 

A control device for an auger type ice making machine according to the present 
invention includes a driver circuit that drives a geared motor for rotating an auger; a voltage 
detector that detects an input voltage applied to the geared motor; a current detector that 
5 detects a motor current flowing in the geared motor; and a control circuit in which a plurality 
of current threshold values that differ according to the input voltage are set in advance, the 
control circuit controlling the driver circuit so as to stop the geared motor when a value of the 
motor current detected by the current detector exceeds a current threshold value that 
corresponds to the value of the input voltage detected by the voltage detector. 
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